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INTRODUCTION 
Freeze-dehydration is a relatively new method being used in food 
preservation. Dehydration of food is an ancient procedure, but the 
freezing of food has come into common use since the turn of the century. 
The combined procedure of freezing and dehydration is a new innovation. 
Most of the work on freeze-dehydration has been done within the last 
two decades. 
Freeze-dehydration is a process in which the foodstuff is frozen; 
while still in the frozen state, the moisture is withdrawn under 
vacuum. An advantage of this method of processing is that the moisture 
content of the foodstuff can be reduced to less than 1 percent but the 
product still retains its original structure. 
According to Goldblith et. al. (1963), there are many problems to 
be solved just as there were when thermal processing and freezing 
preservation became a reality. Freeze-dehydration is a costly process. 
Goldblith et. al. (1963) stated, "Raw material of optimum quality is 
of prime importance in freeze-dehydration to produce foods of long 
storage life and high quality." 
Two undesirable qualities of freeze-dried foods are poor texture 
and adverse or weakness of flavor. Much of the adverse flavor is 
caused by lipid oxidation. 
It is therefore the purpose of this study to try to determine the 
effect age, preparation method, storage time, and storage temperature 
would have on the palatability and fatty acids of freeze-dried pheasant. 
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LITERATURE REVIEW 
Freeze-dried foods are one of the most sensitive types of processed 
foods (Goldblith et. ·al., 1963). Flavor stability appeared to be a 
major problem common to most freeze-dried food (Bird, 1965). Katz 
tl• al. (1966) reported that it is the main problem in processed and 
stored meats. Karel (1968) reported that chemical and physical 
processes which cause deterioration to"-freeze-dried foods may occur 
during processing or in storage. These processes are influenced by 
temperature, moisture content_, and oxygen. 
Earlier Karel (1964) reported that the most critical changes that 
.take place in freeze-dried foods are due to oxidative reactions, auto­
oxidation of lipids and vitamins, denaturation and cross-linking of 
proteins during freezing. He indicated that enzymatic reactions which 
take place during storage and rehydration of food may also affect the 
quality of freeze-dried foods. 
Goldblith et. al. (1963) reported that the following process 
parameters are important� 
1. Duration and temperature of cooking procedures used in 
preparation. 
2. Temperature and rate of freezing. 
J. Temperature, pressures, and rates involved in the dehydration 
procedure. 
The temperature of the rehydration water is also important. As the 
water temperature of the rehydration medium is raised, the rehydration 
ratio decreases, (Goldblith et. al. , 1963)_. .The rehydration ratio is 
a method to evaluate the physical changes that take place in dehydrated 
foods. 
Oxidative Reactions 
Salwin (1959) reported that many high protein foods such as meat, 
fish and dairy products are dehydrated to a moisture content of 3 
percent or less. He also reported that other products usually contain 
a higher moisture content. Storage stability studies were used to 
determine the maximum water content of dehydrated foods. Chicken and 
ground beef appeared to improve in stability if the moisture content· 
was greater than 3 percent but not greater than 6.5 percent (Salwin, 
1959). 
According to Salwin (1959) water which represents a monomolecular 
layer may be regarded as a protective film. The film protects particles 
of food from attack by oxygen. He found that oxidation and rancidity 
seem to be aggravated in products with an extremely low moisture con­
tent; pigment changes and vitamin losses were caused by exposure to 
oxygen. 
Salwin (1959) reported that oxygen may initiate nonenzymatic 
browning reactions. A study by Goldblith_et. al. (1963) indicated 
that nonenzymatic browning is a reaction that limits the storage life 
of freeze-dried food. It caused darkening, deteriora.tion of color 
and undesirable off-flavors. It may also harm the nutritional 
quality of food. According to Karel (1968), nonenzymatic browning 
caused a loss in solubility. The interaction of protein groups and 
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autooxidizing lipids affected the availability of lysine. 
Goldblith et. al. (1963) suggest nonenzymatic browning could l::a 
prohibited by drying foods to an·extremely low moisture content, but 
the extremely low moisture content may promote lipid oxidation. The 
same investigators reportf3d that lipid oxidation and oxidation of 
other susceptible food components--pigments, vitamins and flavor 
constituents--are a major problem in retention of quality in freeze­
dried foods. Problems of lipid oxidation are important because large 
sur£ace areas are present in freeze-dried foods. 
A study by Karel (1968) indicates that lipid oxidation in foods 
is initiated by peroxidation of unsaturated fatty acids. He also 
found that lipid oxidation in dehydrated foods is difficult to 
control. Dehydrated food is more susceptible to oxidation because 
it proceeds at a faster rate in the absence of water. Earlier Salwin 
(1959) and Goldblith et. al. (1963) found that oxidation seems to be 
stimulated at low levels of moisture. 
In mammalian muscle and skin tissue, the major portion of lipids 
was present as lipoprote"in (Giam et. al., 196.5). Investigators found 
that water was an important binding agent in the lipoprotein complex. 
According to Giam et. al. (1965), the dehydrating agents which rupture 
the lipid-protein linkage may be part of the solvent us·ed for extrac­
tion. "Bound lipids" were extracted with a solvent mixture containing 
methanol and chloroform. The same investigators reported that oxida­
tion of lipids which were unextractable by ether accounted for 
approximately half of the oxygen absorption in freeze-dried beef. 
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The oxidation of lipids which were ether-s6l�ble accounted for only 
10 percent of the oxidative reactions. 
According to Chang et. al. (1952), oxidative rancidity takes place 
in unsaturated fatty acids. Fatty acids which are essential to the 
diet are unsaturated and.susceptible to oxidation at_high temperatures. 
Poultry fats are generally higher in linolenic and arachidonic acids 
than are other meats (Chang et. al., 1952). - -
Katz !!:_. al. (1966) reported that.most of the arachidonic acid 
was in the phospholipids. Neutral lipids are esters of fatty acids 
with the trihydroxyl alcohol glycerol, whereas phosph�lipids include 
compounds that are derivatives of glycerol phosphate (White et. al. , 
1968). The phospholipids are less saturated than neutral lipids, 
hence, more likely to become rancid. According to Katz et. al. (1966) 
it appeared that phospholipids and other long-chain fatty acids played 
a major role in lipid oxidation. The amount of unsaturation in fatty 
acids in meat influenced the rate and extent of oxidative rancidity. 
Marion et. al. (1965) found that lipids in thigh and breast meat 
of chicken contained fatty acids with chain.lengths up to 24 carbon 
atoms with six double bonds. Katz et. al. (1966) reports the lipid 
9ontent of chicken was lowest in the flesh. Dark meat had twice as 
much fat as breast meat. Phospholipids made up 48 percent of the fat 
in breast meat and 21 percent of the fat in thigh meat. The fatty 
acids in phospholipids oxidized faster than fatty acids in the neutral 
lipids. When phospholipids were figured on a percent of the weight 
of lipid in tissues, the tissues all contained about the same amount 
of phospholipid material. Because of the high percent of phospho­
lipid in muscle tissues they were extremely susceptible to oxidative 
rancidity. The percent of each fatty acid was similar among the 
tissues, but arachidonic acid showed the greatest variation in the 
phospholipid fraction. The percent of arachidonic acid was highest 
in the flesh and lowest in depot fat. 
El-Gharbawi et. al. (1965) found that oxidation of tissue lipids 
occurred at different rates for each general lipid class. Phospho­
lipids oxidized in a short time but neutral fat oxidized after a 
longer period. The same investigators indicated that phospholipids 
oxidized faster than neutral lipids because they were associated with 
the iron-containing heme compound of meat tissue. Heme compounds may 
act as prooxidants. 
Palatability 
6 
Bird (1965) found that another objection to freeze-dried chicken 
was toughness. Miller et. al. (1965) stated, "Toughness caused by 
freeze-drying is presently one of the outstanding problems with freeze­
dried chicken." 
In their study of texture Bele et. al. (1966) reported that 
chicken meat frozen after cooking had a more desirable texture than 
meat which had been freeze-dried. The freeze-dried chicken was "dry, 
grainy, stringy, rubbery, tough, and hard." 
Bele et. al. (1966) reviewed studies which showed the rehydration 
level for precooked, freeze-dehydrated poultry was between 57-74 
7 
percent. Precooked poultry which had been placed in boiling water for 
15 minutes rehydrated to within 68 percent of its original moisture 
content. 
Karel (1968) reported that causes for a loss in water-holding 
capacity and changes in texture of meat occur in the actomyosin of 
the muscle protein. The change is caused by the internal cross­
linking of the actomyosin. Cross-linking is begun during dehydration 
and continues throughout storage. 
In their work Miller et. al. (1965) found that freeze-dried 
chicken which had been stored one week had a mean shear press value 
of 31. 6. The chicken which had been stored three months and six 
months had mean shear press values of 38. 0 and 37. 8, respectively. 
There were significant differences between one week storage and three 
months storage, but not between three and six months storage. Non­
freeze-dried samples stored one week, three months, and six months 
had shear values of 23. 9, 25. 9, and 28. 6, respectively. A significant 
difference was found among all samples. 
Miller et. al. (1965) also reported significant differences in 
the storage temperature and freeze-drying interaction. Shear press 
va�ues for samples stored at -17.8
°
c. , -2�.1
°
C.and -34. 4
°
c. were 36. 2, 
36. 7, and 32. 7, respectively. 
0 Samples stored at -34.4 C • . were 
0 6 0 significantly more tender than those stored at -17.8 C. and -2 .1 C. 
Non-freeze-dried samples stored at the same temperatures had shear 
_values of 25. 1, 25. 2, and 24. 9. No significance was found among the 
non-freeze-dried samples. 
In the review of literature it has been found that the 
critical problems associated with freeze-dried foods are oxidative 
reactions and undesirable palatability characteristics. 
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EXPERIMENTAL PROCEDURE 
In this study 48 pheasants at 10 weeks of age and 48 pheasants 
at 16 weeks of age were purchased from the South Dakota Pheasant 
Company, Canton, South Dakota. One-half of the birds in each group 
were roasted to an internal temperature of 82
°
C. in the breast. The 
remaining birds were cooked in boiling water to the same temperature. 
After processing the right breast �nd thigh of the pheasant were 
sharp frozen and then placed in a freezer to be used for control 
purposes. The left breast and thigh were freeze-dried. The samples 
were frozen to -4-o
0c. and then dried at llO�Hg. at_l6
°
c. for 15 hours. 
Before storage all samples were sealed in polyethylene bags. 
A 25 factorial analysis of variance with six observations per 
cell was used to measure significant differences (P<0. 05) and 
(P(0. 01) between the control and freeze-dried portions. The factors 
involved were location of meat, age of pheasant, cooking method, 
storage time and storage temperature. In this study six pheasants 
at 10 weeks of age were roasted and six pheasants were stewed and then 
0 
stored three months at 37 C. In another gro·.1p six pheasants were 
0 roasted and six pheasants were stewed and stored three months at 4 C. 
In.the six months storage period, six pheasants which had been roasted 
0 
and six pheasants which had been stewed were stored at 37 C., while 
in another group six roasted pteasants and six stewed pheasants were 
stored at 4
°
c. The same pattern was followed for the 48 pheasants at 
16 weeks of age. 
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Rehydration 
.All freeze-dried samples were weighed before rehydration so the 
percent of rehydration could be determined� Each set of samples 
(breast and thigh) was placed in 400 ml. of water which had been 
brought to a rolling boil. The samples were removed from the heat 
and allowed to rehydrate for 10 minutes; they were then drained for 
two minutes and weighed again. The control samples, which remained 
in their bags, were dropped into boiling water, covered and cooked 
for 10 minutes. 
Sensory Evaluation 
A trained taste panel composed of four faculty and two student 
members served as judges for sensory evaluation. Each panel member 
received a specific portion from the Pectoralis minor muscle in the 
breast and judged it for texture, tenderness, flavor, and general 
eating qualities. Samples from the freeze-dried portion and from 
the corresponding control portion were served on the same plate. 
All samples were served at ambient temperature. A six-point hedonic 
scale was used with a score of one being completely acceptable and a 
�core of six being completely unacceptable. 
Objective Analysis 
10 
The Pectoralis major muscle from the breast and the entire 
boneless thigh were used for objective analysis. A Lee Kramer shear 
press was used to measure tenderness of the breast and thigh muscles. 
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All freeze-dried and control samples were we�ghed prior to taking the 
shear press readings. The Pectoralis major muscle was cut in half, 
perpendicular to the muscle fibers. The breast was then placed in 
the cell so the muscle fibers were perpendicular to the cutting blades. 
A 3000 lb. rin� at speed six (20 second stroke) was used. Maximum 
force was read from the dial. Two readings were taken and then cal­
culated to measure tenderness in pounds of force per gram. The same 
procedure was used for the thigh. 
After measuring tenderness, the thigh was used for fatty acid 
analysis. Fat from the pheasant thigh was extracted with ethanol and 
ether. The extracted fat samples were methylated with absolute 
methanol to form methyl esters which were extracted with hexane. 
The samples were then analyzed for the kind and amount of fatty acid 
in a gas liquid chromatograph on a 10 percent diethylene glycol 
succinate (DEGS) column. All samples were run in duplicate and 
compared to known standards. 
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RESULTS AND DISCUSSION 
This study was undertaken to determine the effect that age, 
cooking method, storage temperature and storage time would have on 
the palatability and fatty acids of freeze-dried and non-freeze-dried 
pheasants. Analysis of variance was used to measure significant 
changes that occurred from the non-freeze-dried to the freeze-dried 
samples at the (P< 0 . 05) and (P< 0 . 01)-level. Objective measurements 
were used to determine the percent of rehydration, shear press 
resistance and fatty acid analysis. "Subjective measurements were 
made on the samples to determine how the factors of age, cook�ng 
method, storage temperature and storage time affected texture, 
tenderness, flavor and the general eating quality of pheasant . 
In this study the breast meat was used for sensory evaluation 
because it is larger and the thigh meat from pheasant is often 
discarded because of the numerous tendons present. The Pectoralis 
major and minor muscles and the boneless thigh muscles were used to  
determine the percent of rehydration. The Pectoralis minor muscle 
was used for subjective evaluation . Six trained taste panel members 
were used for subjective evaluation. The Pectoralis major and thigh 
muscles were used for objective analysis. 
Before storage all samples were sealed in polyethylene bags. 
The freeze-dried samples were weighed prior to freeze�drying so the 
percent of rehydration could be calculated . After three months and 
six months in storage the frozen control samples had the characteris­
tic appearance of pheasant. Except for a lack of moisture, the 
lJ 
freeze-dried samples stored at 4°c. appeared to be similar to the 
·- · 
control samples. The freeze-dried samples stored at 37°c. were off-
color and extremely brittle. The freeze-dried samples were rehydrated 
before objective and subjective measurements were made. Differences 
were measured between the right, control breast and the left, freeze­
dried breast. 
Percent of Rehydration 
In this study it was found that the location of meat, age of the 
pheasant, storage temperature and storage time had highly signi£icant 
effects on the percent of rehydration of freeze-dried pheasant. The 
method of cooking was not significant (Table 1) . Main effect means 
appear in Table 2. 
Breasts absorbed an average of 77.67 percent moisture, whereas 
thighs absorbed an average of 75.67 percent moisture. No data were 
available from other investigators on pheasant but in their study on 
cooked, freeze-dried chicken, Bale et. al. (1966) reported that 
breast mea·t absorbed 78 percent moisture and thigh meat absorbed 
only 70 percent moisture. The phenomenon of breasts absorbing more 
moisture than thighs might be explained by water retention capabili­
ties. In their study on the binding and water retention capabilities 
of light and dark chicken meat, Froning and Norman (1966) indicated 
that water retention capabilities were greater for white meat than 
£or dark meat. According to Goldblith et. al. (1963) the water­
holding capacity of food products is affected by dehydration. In 
256747 
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Table 1. Analysis of Variance for Percent Rehydration and 
Shear Press Resistance 
Source of Degrees of Percent rehydration Shear press 
variation freedom mean square mean square 
Location of 1 192.16** 4644.26** 
meat (L) 
Age (A) 1 618.92** 4216.73** 
L X A 1 57.84 106.58 
Cooking method 1 58.85 275.74 
( C) 
L X C 1 69.75 358.69* 
AX C 1 0.24 295-56* 
Storage temperature 1 1382.56** 10420.03** 
(Te) 
. L X Te 1 68.55 855.42** 
AX Te 1 50.23 604.30** 
C X Te 1 6.61 3.99 
Storage time (T) 1 223.04** 507.19** 
L X T 1 0.03 146.25 
AXT 1 121.28* 620.99** 
G X T 1 1.49 14.22 
TeX T 1 2.05 55.70 
Error 160 25.77 71.92 
* P< 0.05 
** P<0.01 
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Table 2. Means for Percent Rehydration and Means for Changes in Shear Press 
Resistance of Pheasant 
Treatment Main Effects Percent of Shear press resistance values 
Rehydration (change between control and 
freeze-dried samples) 
Age 
10 weeks 78. 46 15. 93 
16 weeks 74.87 25. 30 
Cooking method 
Roasted 76. 11 19. 41 
Stewed 77.21 21. 81 
Storage temperature 
4. 44°c. 79. 35 13.25 
0 37. 8  c. 73.98 27. 98 
Storage time 
3 months 77. 74 18. 99 
6 months 75.59 22. 24 
Type of meat 
Breast 77. 67 25.53 
Thigh 75.66 15. 69 
t-J 
\.J\ 
16 
raw meat protein denaturation takes place during the freeze-drying 
process and may be measured by the rapidity and completeness of 
rehydration, however, in precooked dehydrated meat products most·of 
the protein has been denatured by cooking. Hence, rehydration of· 
the cooked product is not influenced by protein denaturation (Auerback, 
1960). 
Younger pheasants had a higher percent of rehydration than older 
pheasants. Ten-week-old pheasants absorbed an average of 78. 46 percent 
moisture, whereas 16-week-old pheasants absorbed an average of 74.87 
percent moisture. Wells et. al. (1962) studied nine-week-old, 19-week­
old and 28-month-old chickens and reported that younger chickens have 
a higher percent of rehydration than older chickens. Wells and Dawson 
(1966) found that the percent of rehydration of freeze-dried chicken 
breast was inversely related to the age of the bird. 
Within this study storage temperature had the greatest effect on 
the percent of rehydration. 
0 
Pheasants stored at 4 C. absorbed an 
0 average of 79. 35 percent moisture, but pheasants stored at 37 C. 
absorbed an average of 73. 98 percent moisture. All samples had been 
weighed prior to freeze-dehydration. Freeze-dehydrated pheasants 
�tored at 4°c. had lost an average of 64. 70 percent moisture while 
pheasants stored at 37
°c. had lost an average of 68. 84 percent 
moisture. The results found in this study indicate there may be a 
relationship between the amount of moisture retained in the sample 
and in its rehydration capabilities. In a study on storage of freeze­
dried beef, Thomson et. al. (1962) reported that as storage temperature 
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increased, the percent of rehyd�ation dec�ea�ed. The highest percent 
of rehydration in beef took place after a storage temperature of 
-17.8°c. and the lowest percent of rehydration took place after a 
storage temperature of 32.2°c. (Thomson et . al. ,  1962). 
For all pheasants, regardless of storage temperature, the percent 
' of rehydration decreased as the storage time increased. The freeze­
dried pheasants stored three months had an average of 77.74 percent 
rehydration, but those stored six months had an average of 75.58 
percent rehydration . 
Only the interaction of age and storage time was significant for 
the percent of rehydration. Ten-week-old pheasants stored three and 
six months absorbed an average of 78.74 percent and 78.18 percent 
moisture, respectively, compared to sixteen-week-old pheasants stored 
three and six months which absorbed an average of 76.74 percent and 
73.00 percent moisture, respectively. 
Shear Press Resistance Values 
Changes in shear press resistance were measured for the frozen 
control pheasant and the freeze-dried pheasant. After rehydration 
�he Pectoralis major muscle �as cut in hail and then placed perpen-
dicular to the teeth in the cutting cell. Two readings were taken 
for each sample and then averaged. The maximum reading from each 
stroke was recorded . The whole boneless thigh was also placed per­
pendicular to the teeth in the cell. All samples were weighed just 
prior to taking the shear readings so the force in pounds per gram 
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could be calculated. 
The location of meat, age of the bird, storage temperature and 
storage time were highly significant for shear press resistance. The 
method of cooking was not significant (Table 1) . Means of the main 
effects appear in Table 2. 
Shear press readings showed pheasant breast meat was less tender 
than pheasant thigh meat. The control breast had an average shear 
press value of 18. JJ whereas the control thigh had a value of 15.49. 
The freeze-dried breast had a shear press value of 4J. 86 compared to 
the freeze-dried thigh which had a shear press value of Jl. 19. The 
shear values for the freeze-dried breast and thigh were inversely 
related to the percent of rehydration. Bale et. al. (1966) reported 
that freeze-dried chicken thigh meat had less shear resistance than 
freeze-dried chicken breast meat, and non-freeze-dried chicken thigh 
meat had less shear resistance than non-freeze-dried chicken breast 
meat. 
Within this study, tenderness values using the shear press 
showed the 16-week non-freeze-dried pheasants were more tender than 
the ten-week-old non-freeze-dried pheasants; however, the younger 
freeze-dried pheasants were more tender than the older freeze-dried 
pheasants. The 16-week-old control pheasants had average shear press 
values of 15 . 66 but the ten-week-old pheasants had average shear press 
values of 18. 16. The ten-week-old freeze-dried pheasants had average 
shear press values of 34.09 compared to the 16-week-old freeze-dried 
pheasants which had an average shear press value of 40. 96. The taste 
panel also scored the 16-week-old control pheasants more tender than 
the ten-week-old control pheasants and they scored the older freeze­
dried birds less tender than the younger freeze-dried birds. 
Wells et. al. (1962) reported that freeze-dried 28-month-old 
chickens had significantly lower shear press values than nine-week­
old chickens. In their study of non-dehydrated samples, the nine­
week-old chickens had significantly lower shear resistance than the 
older chickens.- In contrast to the investigations of Wells et. al. 
(1962), Wells and Dawson (1966) reported that the tenderness of 
freeze-dried chickens decreased as the chickens increased in age. 
Freeze-dried meat from 11-week-old chickens was significantly more 
tender than freeze-dried meat from 20-week-old birds. Wells and 
Dawson also found that control samples from 11-week-old chickens 
were more tender than samples from 20-week-old birds. 
Storage temperature had a highly significant effect on shear 
resistance in the pheasants. Within this study the frozen control 
samples had a shear press value of 16.92. The freeze-dried samples 
stored at 4°c. had a shear press value of J0. 17, and the freeze-dried 
samples stored at 37
°c. had an average shear press value of 44. 90. 
Mi�ler and May (1965) reported that temperature differences in frozen 
storage of freeze-dried chickens affected tenderness. The investi­
gators sliced the samples into 3/8" cubes before freeze-drying. A 
3, 000 lb. setting was used and measurements were recorded as pounds 
pf force per gram of sample. Freeze-dried chicken samples stored at 
-34.4°c. were significantly more tender than samples stored at 
19 
20 
6 0 0 -2 . 1  C. and -17. 8 C. Freeze-dried samples 9tored at -34.4
°
c. , 
-26. l 
0c .  and -17. 8°C. had average shear press values of 32. 7, 36. 2_, 
and 36. 7, respectively, but non-freeze-dried samples stored at the 
same temperatures had average shear press values of 24. 9, 25 . 1, and 
25.2, respectively. 
The storage temperature also affected the sensory evaluation of 
tenderness. 
0 
The taste panel scored the samples stored at 37 C. less 
tender than those stored at 4
°
c. 
The effect of storage time was also highly significant on the 
tenderness of pheasant. Within this study the frozen control pheasant 
samples became more tender with an increase in storage time, however, 
the freeze-dried pheasants became less tender with an increase in 
storage time. The control samples stored three and six months had 
shear press values of 17. 66 and 16. 16, respectively, but the freeze­
dried samples stored three and six months had shear press values of 
36.64 and 38. 40, respectively. Miller and May (1965) reported that 
freeze-dried chicken was most tender after one week of storage but 
became tougher as storage time increased • .  Non-freeze-dried chicken 
also became tougher as time in frozen storage was increased. 
In their study of teitural and reconstitutional properties of 
freeze-dried shrimp, Moorjani and Dani (1968) found that under inert 
atmosphere the texture of shrimp became more tough as storage time 
increased. They also reported that samples stored without benefit 
of vacuum packing toughened on storage because of the air which was 
retained within the large free spaces. Air which was retained in 
the freeze -dried pheasant samples could also have been a factor which 
caused it to toughen with an increase in storage time . 
The interactions for location of meat sample and cooking method 
and age and cooking method were significant. The interactions for 
location of meat and storage temperature, age and storage temperature, 
and age and storage time we re highly significant. 
Freeze-dried and non-freeze-dried pheasant breasts and thighs 
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had lower shear resistance when roasted than when stewed. The control 
breasts roasted and stewed had shear values of 17. 97 and 18. 68 , 
respectively. Freeze-dried breasts roasted and stewed had shear values 
of 40. 94 and 46. 78 , respectively. Control thighs roasted and stewed 
had shear values of 14 . 72 and 16 . 26 ,  respectively. Freeze-dried 
thighs had values of 30 . 58 and 31. 79 ,  respectively. The method of 
cooking s eemed to be most influential on freeze-dried breast meat 
because the stewed breast was less tender than the roasted brea st 
meat. Mickelberry and Stadelman (1962) reported that chicken breas ts 
and thighs were more te nder when roasted than when steamed. They 
also reported that the lowest cooking losses occurred in an oven and 
the highest loss e s occurred in a deep fat fryer. Within this pr e s ent 
stuCl.! cooking losses were not measured but . they may have had an 
effect on shear resistance. Wangen and Skala (1968) reported that 
the breast muscle of White Leghorn fowl had significantly lower shear 
values than the thigh muscle s. At four months of age, roasting or 
s�ewing of chicken breast did not cause a significant differe nce in 
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shear values, but roasted thigh muscles were more tender than the thigh 
muscles which had been stewed. 
The control samples from 16-week-old pheasants which had been 
roasted and stewed had lower shear resistance than ten-week-old 
pheasants treated the same way; however, freeze-dried ten-week-old 
birds which had been roasted and stewed were more tender than the 
freeze-dried 16-week-old birds treated in the same manner. All samples 
which had been roasted had consistently rower shear press values than 
the samples which had been stewed. The 16-week-old control pheasants 
roasted and stewed had average shear press values of 15 . 19 and 16.13, 
respectively, whereas the ten-week-old control pheasants roasted and 
stewed had average values of 17.50 and 18.82 , respectively. The ten­
week-old freeze-dried samples roasted and stewed had average shear 
values of JJ.47 and 34. 70, respectively , and the 16-week-old freeze­
dried samples roas·�ed and stewed had shear values of J8.05 and 43. 86, 
respectively. Results from this study indicated that interaction 
. occurs because the response is not what would be expected to occur 
due to the main effects of increased age and change in cooking method. 
Freeze-dried pheasant breasts and thighs stored at 4
°
c. had 
lower shear resistance than the breasts and thighs stored at 37
°
C. 
Freeze-dried breasts stored at 4
°
c. had an average shear press value 
0 
of 34.38 whereas breasts stored at 37  C. had an average shear press 
0 
value of 53. 33 . Freeze-dried thighs stored at 4 C. had an average 
0 
shear press value of 25.94, but the thighs stored at 37  C. had an 
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average shear press value of 36.04. The frozen control breasts had an 
average shear press value of 18.4o and the frozen control thighs had 
an average shear press value of 15. 50. 
Ten-week-old birds which had been freeze-dried and stored at 4°c .  
0 
were more tender than those stored at 37 C. Ten-week-old freeze-dried 
birds stored at 4°c .  had an average shear press value of 28. 35, compared 
. 0 
to those stored at 37 C. having an average shear press value of 39. 82. 
Freeze-dried 16-week-old birds stored at 4°c .  had an average shear press 
0 
value of 32. 06, and those stored at 37 C. had an average shear press 
value of 49.86. In this study the results indicated storage tempera­
ture adversely affected shear press values regardless of the age of 
the pheasant. 
Study results indicated 10 and 16-week-old control pheasants 
stored six months had lower shear resistance than those stored three 
months. The 10 and 16 -week-old control birds stored six months had 
average shear press values of 17. 27 and 15. 06, respectively, whereas 
· the 10 and 16-week-old control birds stored three months had average 
shear press values of 19 . 05 and 16 . 26, respectively. Ten-week-old 
freeze-dried birds stored six months were more tender than 10 or 16-
wee�-old birds stored three months. Sixteen-week-old birds stored 
six months had the highest shear resistance. The 10 and 16-week-old 
freeze-dried birds stored three months had average shear press values 
of 35. 15 and 38. 14, respectively, compared to the birds ·stored six 
�onths and the average shear press values of 33. 02 and 43 . 78, 
respectively. Freeze-dried ten-week-old birds stored three and six 
months had lower �hear press values than 16-week-old freeze-dried 
birds stored three months regardless of storage temperature. 
Fatty Acids 
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This study used pheasant thigh meat for fatty acid determinations . 
Thigh meat was selected because it was found in preliminary inve stiga­
tions to have a higher fat content than breast meat. Following shear 
press measurements the phea.sant thigh meat was ground in preparation 
for fatty acid analysis. Significant difference s are shown in Table 3 
and means of main effects appear in Table 4 .  
ttyristic Acid 
Myristic acid, a 14 carbon saturated fatty acid was found to be 
one of the minor fatty acids pre sent in pheasant fat. Regardless  of 
the age of the bird or method of cooking, the myristic acid c onterit 
increased with the length of storage. This increase was significant 
(P (  0.05) . The control samples had an average of 0.68 percent and 
0. 73 percent myristic acid at three and six months storage re spec­
tively. The l7J'Y1'istic acid increased to a respective 0 . 85 percent and 
l.OJ percent in freeze-dried samples . stored three and six months. 
The effect of storage temperature was highly significant ( P (  0.01) .  
The control samples had an average of 0. 70 percent myristic acid. The 
freeze-dried samples stored at 4°c .  increased to 0 . 85 pe!cent myristic 
acid, whereas the samples stored at 37°c .  increased to 1. 02 percent 
lllyristic acid. 
Table 3. Analysis of Variance of Fatty Acids as 
Measured by Gas Liquid Chromatography 
Source of variation Degrees of Myristic Acid Unknown "X" Palmitic Acid 
freedom Mean Square Mean Square Mean Square 
Age (A)  1 0 . 01 0 .54 12 . 60 
Cooking method (C )  1 0 . 05 0 . 01 9.21 
A X C 1 0 . 01 0.81 2.47 
Storage temperature (Te) l 0.76** 4.61** 6J . 71** 
A x  Te l 0.06 0 .11 11.64 
C x Te 1 0 . 13 0 . 18 10 . 7.5 
Storage time (T) 1 o.42* 0 . 71 0.31 
A X T  l 0.13 o . oo 4J ,.88** 
C X T 1 0 . 13 0 . 02 0 .53 
Te x T 1 O wOO o . 66 0 . 30 
Error 80 0 . 07 0 . 24 4. 80 
* P < 0 . 0.5 
* *  P < 0 . 01 
Palmitoleic Acid 
Mean Square 
0 . 23 
0 . 83 
o . oo 
0.32 
0 . 28 
0 .59 
0 . 01 
0. 35 
o . o4 
0 . 01 
0 . 76 
� 
Table J .  Continued 
Source of Degrees of Stearic Acid Oleic Acid 
variation freedom Mean Square Mean Square 
A 1 10 .40* 0 . 31 
C 1 15 . 97* 23 .40** 
A X  C 1 2 . 59 4 . 18 
Te 1 1 . 92 19 . 81* 
A x  Te 1 o .47 0 . 97 
C x Te l 1 .76 1 . 28 
T 1 6 . 51 7. 75 
A X T  1 0 . 31 19 .45* 
C X T l 1.60 3 . 18 .. . 
Te x T l 0 . 27 o .46 
Error 80 2 . 39 2 . 88 
* P < 0 . 05 
* * P ( 0 . 01 
Linoleic Acid 
Mean Square 
101 . 22* * 
3 • .57 
3 . 58 
92 . 68** 
37 - 51** 
0 . 93 
5 . 97 
43 . 14** 
2 . 23 
0 . 24 
4 . 88 
Linolenic Acid 
Mean Square 
. 58 
.42 
. 06 
1 . 06 
0 . 27 
0 . 32 
0 . 74 
0 . 27 
0 . 25 
o . oo 
o . 46 
Unknown "Y" 
Mean Square 
1 . 95 
4 .41 
1 .47 
3 . 21 
o . 68 
1 . 99 
0 . 77 
2 . 79 
6 . 32* ; 
0 . 24 . 
1 . 38 
l\) °' 
Table 4. Fatty Acid Balance of Pheasant Thigh Muscle After Freeze­
Dehydration Gain or Loss Expressed as Mean Percent of Total Fat 
Treatment Main Myristic Unknown Palmitic Palmitoleic Stearic Oleic Linoleic Linolenic Unknown 
Effects 14 : 0  "X" 16 : 0  
Age 
10 weeks +0 . 22 -0.60 +l . 80 
16 weeks +0 . 24 -0.44 +2 . 52 
Cooking method 
Roasted +0 . 26 -0.53 +2 . 47 
Stewed +0.21 -0 • .51 · +1.85 
Storage temperature 
4.44
°
c .  +0 . 15 -0 .30 +1.34 
0 
37.8 c. +0 . 32 -0.74 +2 . 97 
Storage time 
3 months +0 . 17 -0.61 +2 . 10 
6 months +O . JO -0.43 +2.21 
16 :1  18 : 0  18 : 1  
+0 . 74 -1.18 +2.01 
+0 . 83 -0 • .52 +2.13 
+0.88 -1 . 26 +2 • .56 
+0.69 -0 .44 +1 . 58 
+0.73 -0 . 71 +1.61 
+0.84 -0 . 99 +2 . 52 
+0.80 -1 . 11 +2 . 3.5 
+0.77 -0. 59 +1 . 78 
18 : 2  
-2 . 16 
-4.21 
-3 - 38 
-2.99 
-2.20 
-4. 17 
-2 . 94 
-J .43 
18 : 3 
-0.0.5 
-0.21 
-0 . 20 
-0.06 
-0 . 02 
-0.24 
-0 . 22 
-0.04 
"Y" 
.... 0 . 82 
-1.10 
-1 . 18 
-0 . 75 
.... 0 . 78 
..:1 .14 
-0 . 87, 
-1. 05 
l\) 
-'1 
Katz et . al. (1966) reported that about 0. 80 percent of the 
myristic acid was present in the neutral lipids of dark chicken meat � 
No work has been reported on the effect freeze-drying has on the 
fatty acids of poultry meat. 
Unknown "X" 
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There were two fatty acids that were present and appeared con­
sistently in measurable quantities but could not be identified. The 
first of these was between myristic and palmitic acids. It has been 
referred to in this report as X (Tables 3 and 4) . A standard fatty 
acid which was composed of 12 : 0, 14 : 0, 16 : 0, 16 : 1, 18 : 0, 18 : 1, 18 : 2 , 
and 18 : 3  was used to identify the fatty acids present. Another stan� 
dard containing 18 : 0, 18 : 1, 20 : 0, 22 : 0, 22 : 1, 24 : 0, 24 : 1  was also 
used . The identification of this unknown has been a matter of extrap­
olation. This fatty a cid may have been a 15-carbon saturated or · 
unsaturated acid. Katz et. al. (1966) reported the presence of 15 : 0  
in chicken. Peng and Dugan (1965) reported the presence of 15 : 0  and 
15 :1 in the phospholipids of chicken. 
Freeze-drying affected the amount of "X" present in pheasant. 
The control birds had an average of 1.46 percent "X", whereas the 
freeze-dried birds had an average of 0. 94 percent "X" . The effect 
of storage temperature on the freeze-dried pheasants was highly 
significant. Pheasants stored at 4
°
C. had an average of 1. 16 percen-t 
"X", _ whereas those stored at 37
°
c. had an average of 0. 72 percent 
"X". As the storage temperature increased the amount of "X" decreased . 
The effect of age, cooking method and storage time was not 
significant. 
Palmitic Acid 
Palmitic acid, a 16-carbon saturated acid was found to b� a 
major fatty acid in pheasant. The effect of storage temperature was 
highly significant on the amount of palmitic acid in the freeze-dried 
product. The effects of age, cooking method and storage time were 
not significant. 
The amount of palrnitic acid in the control pheasant was 23. 05 
percent, whereas in the freeze-dried pheasant it increased to 25. 21 
percent. 
0 
Samples stored at 4 C. had an average of 24. 39 percent, 
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whereas those stored at 37
°
c. had an average of 26. 02 percent. Marion 
and Woodroof (1965) reported an average of 22. 16 percent palmitic acid 
in the triglyceride portion of the thigh muscle in chicken broilers. 
Katz tl• al . (1966) reported an average of 22. 4 percent palmitic acid 
in the neutral lipids in the dark meat of chicken. 
The interaction of age and storage time was highly significant. 
The ten-week-old birds stored three and six months had less palmitic 
acid than the 16-week-old birds stored the same length of time. Ten­
week-old control birds stored three and six months had an average of 
21. 18 percent _ and 22. 37 percent palmitic acid, respectively; the 16-
week�old birds had an average of 24. 78 percent and 23. 86 percent, 
respectively. The freeze-dried ten-week-old birds had an average of 
23. 59 percent and 23 . 55 percent palmitic acid at three and six 
months, respectively, and the 16-week-old birds had an average of 
30 
26.57 percent and 27. 11 percent palmitic acid, respectively. The 
largest difference between non-freeze-dried and freeze-dried pheasant 
occurred with the 16-week-old birds stored six months. The smallest 
difference occurred with the ten-week-old birds stored six months. 
It is not known what caused this pattern of change to take place. 
Palmitoleic Acid 
Palmitoleic acid, a monounsaturated i6-carbon fatty acid was 
also found to be a major fatty acid in pheasant. No treatment effects 
were significant; however, the freeze-dried samples had more 16 : l  than 
the control samples. The control samples had an average_ of 5. 10 
percent palmitoleic, whereas the freeze-dried samples had an average 
of 5. 92 percent palmitoleic acid. Katz et. al. (1966) reported 6. 8 
percent palmitoleic acid in the dark meat of chicken. Marion and 
Woodroof (1965) reported 4. 6 percent palmitoleic acid in the tri­
glyceride portion of the fat in the thigh muscle. 
Stearic Acid 
Stearic acid �as another major fatty acid found in pheasant. 
Stearic acid is an 18-carbon saturated fatty acid. More stearic 
acid was present in the control samples ·than in the freeze-dried 
samples. The control samples had an average amount of lJ. 68 percent 
stearic acid, whereas the freeze-dried samples had an average of 
12 •. 84 .percent. Katz et. al. (1966) reported that the dark meat of 
chicken had an average of 6. 4 percent stearic acid. 
Jl 
The effects of age and cooking method . were significant on the 
amount of stearic acid in pheasant. The effects of storage tempera­
ture and storage time were not significant .  
Within this study the 16-week-old birds had les s stearic acid 
than the ten-week-old birds in both the control and freeze-dried 
samples. The control birds at ten and 16 weeks of age had an average 
of 15. 89 percent and 11. 50 percent stearic acid, respectively ; and 
the freeze-dried birds at ten and 16 weeks of age had an average of 
14. 71 percent and 10. 98 percent stearic acid, respectively. 
The method of cooking affected the amount of stearic acid present 
in the freeze-dried product. Les s  stearic acid was present in the 
roasted samples than in those which had been stewed. The freeze-dried 
samples which had been roasted and stewed had an average of 12. 54 
percent and 13. 15 percent stearic acid, respectively. The control 
samples, roasted and stewed, had an average of lJ. 80 percent and 
13.59 percent, respectively. 
Oleic Acid 
Oleic acid, an 18-carbon monounsaturated fatty acid, was another 
major fatty acid found in pheasant. Regardles s of treatment effect, 
all freeze-dried samples had a higher amount of oleic acid than the 
control samples. The control samples had an average of 27. 70 percent 
oleic acid, compared to the amount of 29. 77 percent in _ freeze-dried 
samples. A study by Katz et. al. (1966) revealed that the dark meat 
of chicken had an average of 34. 6 percent oleic acid. 
Storage temperature was significant and the method of cooking 
was highly significant on the amount of oleic acid present. The effect 
of age and storage time was not significant. 
The control samples had an average of 27. 70 percent oleic acid, 
and the freeze-dried sample s stored at 4
°
c. had an average of 29. 31 
percent oleic acid whereas, the freeze dried samples stored at 37
°
c. 
had an average of J0. 22 percent oleic acid. As the storage tempera­
ture increased, - the amount of oleic acid also increased. 
The control birds which had been roasted and stewed had an 
average of 27. 53 percent and 27. 87 percent oleic acid, respectively, 
but the freeze-dried birds which had been roasted and stewed had an 
average of 30. 09 percent and 29.45 percent , respectively. The change 
in amount of fatty a cid was greater in the roasted pheasants than in 
the stewed pheasants. 
Study results showed the interaction of age and storage time was 
significant. In both the c ontrol and the freeze-dried samples the 
- amount of oleic acid increased with age and storage time . The greatest 
difference between the control and the freeze-dried samples occurred 
with the 16-week-old birds stored three months . The smallest dif­
ference occurred with the 16-week-old birds stored six months . The 
ten-week-old control pheasants stored three and six months had an 
average of 24;76 percent and 25 . 05 percent oleic acid, respectively, 
while the 16-week-old pheasants stored for the same time · had an 
average of 29 . 39 percent and Jl. 58 percent oleic acid, respe ctively. 
The amount of oleic acid was greater in the freeze-dried phe�sants . 
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In the ten-week-old freeze-dried pheasants stored three and six months, 
an average of 26 . 60 percent and 27. 23 percent oleic acid, respectively, 
was observed. The 16-week-old freeze-dried pheasants had an average 
of 32.25 percent and 32. 97 percent oleic acid, respectively, for the 
same time periods. Since the diet of the pheasants was changed at ten 
weeks, the increase in oleic acid may be due to a dietary factor. 
Linoleic Acid 
Linoleic acid was another major fatty acid found in pheasant. 
Linoleic acid is an 18-carbon fatty acid with two double bonds. 
Regardless of treatment effect the control samples had a greater 
amount of 18 : 2  than the freeze-dried samples . The control samples 
had an average of 24. 48 percent linoleic acid and the freeze-dried 
samples had an average of 21. 30 percent linoleic acid. Katz et . al. 
(1966) reported that the dark meat of chicken had an average of 24. 7  
percent linoleic acid. 
The effects of age and storage temperature were highly signifi-
cant on the amount of linoleic acid in pheasant. The effects of 
cooking method and storage time were not significant. 
The ten-week-old control pheasants had an average of 25 . 66 percent 
linoleic acid, whereas the 16-week-old control pheasants had an average 
of 23.31 percent linoleic acid. The freeze-dried samples at ten and 
16 weeks had 23. 50 percent and 19 . 10 percent linoleic a�id, respec­
tively. The difference in the amount of linoleic acid due to age of 
bird may be due to species characteristics or unknown cause � 
The frozen control samples had an average of 24.48 percent 
linoleic acid, and the fre eze-dried samples stored at 4
°
c. and 37
°
c. 
had an average of 22.28 percent and 20 . 31 percent linoleic acid, 
respectively. The results observed in this study indicated that 
high temperature storage wgs detrimental to the stability of linoleic 
acid . 
The interactions of age and storage temperature and age and 
storage time we re highly significant . 
The ten-week-old fre e ze-dried pheasants stor ed at 4
°
c. and 37
°
c. 
showed little variation in linoleic acid content. Samples stored at 
40 0 
C. and 37 C. had an average of 23 . 66 percent and 23. 37 percent 
linoleic acid, respectively . A larger variation was noticed in the 
16 40 0 -week-old birds stored at C. and 37 C. The 16-week-old birds 
stored at 4
°
c .  and 37
°
c .  had an average of 20 . 80 percent and 17 . 40 
percent linoleic acid, re spectively . The results obse rved in this 
study indicated that linolei c acid is less stable in 16-week-old 
pheasants at high temperature storage than in ten-we ek-old birds 
stored at the same temperatur e . 
The interaction of age and storage time was also highly signifi-
cant. The ten-week-old control birds stored three months had the 
highest amount of linoleic acid, whereas the 16-week-old birds stored 
six months had the lowest amount of linoleic acid. The same pa ttern 
Wa s observed in the fre e ze -dried samples. The ten-week�old control 
birds stored thre e and six months had an average of 26.19 pe r
c e nt 
and 25 . 15 percent linoleic acid, respectively, and the 16-week-old 
birds stored for the same time had an average of 24.01 percent and 
22. 62 percent linoleic acid, respectively. The largest difference 
JS 
in linoleic acid occurred with the 16-week-old birds stored six 
months, and the smallest difference occurred with the ten-week-old 
birds stored three months. The ten-week-old freeze-dried pheasants 
stored three and six months had an average of 2J.61 percent and 2J �41 
percent linoleic acid respectively, while the freeze-dried 16-week-old 
pheasants stored three and six months had an average of 20.72 percent 
and 17.49 . percent linoleic acid, respectively. The difference between 
the control and freeze-dried pheasants was greater for 16-week-old 
birds stored three and six months than for ten-week-old birds stored 
the same length of time. The results found in this study seem to 
indicate that storage time has a greater influence on 16-week-old 
birds than on ten-week-old birds. 
Linolenic Acid 
Linolenic acid was a minor fatty acid found in pheasant. Lino-
lenic acid is an unsaturated, 18-carbon fatty acid with three double 
bonds. No treatment effects of interactions were significant, however 
the control samples had a larger amount of linolenic acid than the 
freeze-dried samples. The control samples had an average of 0 . 65 
percent linolenic acid whereas the freeze-dried samples had an 
average of 0 . 52 percent linolenic acid. Katz - et. al. (1966) 
reported an average of 1. 5 percent linolenic acid in the dark meat 
of chicken. 
J6 
Unknown "Y" 
"Y" was one of the two fatty acids which were present in pheasant 
but could not be identified . The first unknown fatty acid has been 
identified as "X". "Y" may have been a 20-carbon unsaturated fatty 
acid or a 22-carbon saturated or unsaturated fatty acid. Marion and 
Woodroof (1965) and Katz et. al. (1966 ) reported the presence of fatty 
acids with chain lengths of 20 carbons and 3 ,  4, and 5 double bonds. 
The same authors also reported the presence of unsaturated fatty acids 
with 22 carbon atoms. Within the present study the control samples 
had an average of 2. 52 percent "Y",  whereas the freeze-dried samples . 
had an average of 1. 56 percent. 
The interaction of cooking method . and storage time was signifi­
cant . In the control samples the roasted pheasants stored three and 
six months had 2. 47 percent and 2. 82 percent "Y f l, respectively. The 
stewed samples stored the same length of time had 2. 60 percent and 
2. 21 percent "Y", respectively . The. freeze-dried roasted samples 
stored three and six months had 1. 64 percent and 1. JO percent "Y",  
respectively, while the stewed samples stored the same length of time 
had l . 69 percent and 1. 63 percent "Y,"  respectively. The largest 
difference between the control and freeze-dried samples occurred with 
the roasted samples stored six months; the least difference occurred 
with the roasted samples stored three months and the stewed samples 
stored six months. 
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Sensory Evaluation· 
Within this study the Pectoralis minor muscle from the pheas ant 
breast was used for sensory evaluation. After the pheasants had been 
cooked the Pectorali s minor muscle was separated from the Pectoralis 
ma,jor muscle. The muscles from the right side of the pheasant were 
sharp frozen and held in frozen storage for three and six months. 
The muscles from the left side of the b::1-rd were freeze-dried and 
stored three and six months. One half of the freeze-dried samples 
was held in storage at 4°c .  and the other half was held at 37°c .  
Before storage the control samples and the freeze-dried samples were 
sealed in polyethylene bags. 
Before serving , the frozen samples were left in their bags and 
heated in boiling water for ten minutes. The freeze-dried samples 
from each bird were weighed and then dropped into 400 ml. of boiling 
water and allowed to rehydrate for ten minutes away from the heat. 
They were drained, weighed again, and served at ambient temperature. 
Each panel member received his sample from the same location on the 
muscle each day. A six-point hedonic seal� was used to determine 
the texture, tenderness, flavor, and general eating quality of the 
pheasant products  ( Figure 1, Appendix). A score of one to three was 
considered acceptable. The taste panel was composed ·of six trained 
members.  Significant differences between the control and freeze­
dried samples were determined at (P ( 0 . 05) and (P ( 0. 01) level 
(Table 5). · Means of the main effects appear in Table 6. 
Table 5 .  Analysis of Variance of Texture ,  Tenderne ss , Flavor and General 
Eating Qualities as Measured by the Taste Panel 
Degrees  of Texture Tendernes s  Flavor General eating quality 
Source of variation freedom Mean square Mean square Mean square Mean square 
Age ( A) 1 7 . 74* * 16 . 82* * 11 . 72* * 12 . 96),'< * 
Cooking method ( C) 1 3 . 05 )� 2.49 1. 73* 1. 57 
A X C 1 0 . 22 o. oo 0 . 14 0 . 14 
Storage temperature ( Te )  l 54 . 60**  65 . 92** 48 • .54** 59 .41>:C * 
A x  Te 1 0 . 87 1 .44 0. 34 0. 75 
C x Te  1 1. 56 0 . 86 o. oo 0. 03 
Storage time (T) 1 9.6J* * 0 . 07 2. 3.5* o .42 
A X T  1 1. 28 4. 73* 3. 76** J. 74**  
C X T 1 o . oo 0 .19 o. io 0 . 01 
Te x T 1 1. 05 0 . 04 0. 20 0 . 39 
Error 80 o.49 0. 71 o .43 o .44 
* P ( 0 . 95 
* *  P < 0 . 01 
\_.J 
(X) 
Table 6. Mean Difference in Taste Panel Scores Between Freeze-Dried 
and Non-Freeze-Dried Pheasant 
Treatment Main Effects Texture Tenderness Flavor General Quality 
Age 
10 weeks 2 . 05 2 . 20 2 . 05 2 . 28 
16 weeks 2 . 62 J . 04 2 . 75 3 . 02 
Cooking Method 
Roasted 2 . 16 2 .46 2 . 26 2 . 52 
Stewed 2 . 51 2 . 78 2 . 52 2 . 78 
Storage Temperature 
4
°
c .  1 .58 1 . 79 1 . 69 1 . 86 
37
°
c .  3 . 09 3 .45 J .11 3 . 44 
Storage Time 
3 months 2 . 65 1 . 65 2 . 24 2 . 59 
6 months 2 . 02 2 . 59 2 . 55 2 . 72 
\.A) '° 
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Texture 
Texture has been described by Szczesniak (1962) as mechanical, 
geometrical and 9ther characteristics which have been referred to as  
the moisture and fat content of food. The mechanical characteristics 
were divided into hardnes s, cohesiveness, viscosity, elasticity and 
adhesivenes s. The author als o  suggested that the terms brittlenes s, 
chewiness and gummines s could be used to describe hardnes s  and 
cohesiveness. Within this study mechanical characteristics are used 
to describe texture. 
The proces s  of freeze-drying affected the texture of pheasant 
breast meat. Regardles s  of treatment effects, the control pheasant 
had a more desirable texture than the freeze-dried samples. The 
control samples had an average score of 2. 3 compared to the score 
of 4.6 for the freeze-dried samples. 
The method of cooking had a significant effect; age, storage 
temperature and storage time had highly significant effects on the 
textural differences of the control and freeze-dried samples. 
There was les s difference between the control and freeze-dried 
product when the pheasant was roasted than when it was stewed. The 
roasted control pheasant had an average score of 2.J, whereas the 
freeze-dried pheasant had an average score of 4.5. The stewed control 
and freeze-dried samples had an average score of 2. 3 and 4. 8, respec-
tively. 
The 16-week-old control birds had a more desirable "texture ·than _ _ •-
the ten-week-old birds; however, the freeze-dried ten-week-old birds 
had a more desirable texture than the older birds. The ten and 
16-week-old control birds had an average score of 2. 4 and 2. 2, 
respectively, whereas the ten and 16-week-old freeze-dried birds 
had an average score of 4. 5 and 4. 8, respectively. 
Storage temperature affected the freeze-dried samples. The 
control samples had an average score of 2. 3. The freeze-dried 
samples stored at 4
°
c. had an average score of 3.9 and the samples 
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stored at 37 C. had an average score of· 5.4. The taste panel scores 
indicated that high temperature storage is detrimental to the texture 
of freeze-dried pheasant. Taste panel members said many of the 
_ freeze-dried samples had a hard, bony core in the center. Within 
this study the hard center core was present in some of the samples 
0 0 stored at 4 C. , as well as those stored at 37 C. It is not known 
why some samples had the hard core and others did not. The taste 
panel also described the freeze-dried samples as "woody, che-wy, dry 
and powdery. " Thomson et. al. (1962) reported that freeze-dried beef 
stored at 32
°
c. had a "dry, cellulose-sponge-like texture." Copson 
(1962 ) stated that " chicken will be less tender in the center of 
whole portions which have been freeze-dried." Bele tl• tl_. (1966) 
d�scribed poultry meat frozen after cooking as "softer, more tender, 
and better than the texture of freeze-dried meat which was dry, 
grainy, stringy, rubbery, tough and hard." 
Storage time also affected the texture of the meat. Storage time 
had a greater effect on the control samples than on the freeze-dried 
samples. The control samples stored_ three _ and six months had ave rage 
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scores of 1. 9 and 2.7 ,  respectively. The freeze-dried samples stored 
the same length of time had scores of 4.5 and 4. 8, respectively. The 
difference between the control and freeze-dried samples was greater at 
three months than at six months. In their study of freeze-dried 
shrimp, Moorjani and Dani (1968 ) reported that freeze-dried shrimp 
became tougher in texture with increased storage time. 
Tenderness 
Tenderness has been defined in Funk and Wagnall ' s  standard 
dictionary as "easily chewed or cut. " 
Within this study the taste panel scored the control pheasants 
consistently more tender than the freeze-dried birds. The control 
samples had an average score of 1. 9, whereas the freeze-dried samples 
had an average score of 4 . 5 .  Wells and Dawson (1966) indicated that 
control chickens were more tender than freeze-dried chicken. 
Age and storage temperature had highly significant effects on the 
. tenderness of pheasant. The method of cooking and storage time had no 
significant effects on tenderness. 
The effect of age was highly significant. The 16-week-old control 
pheasants were scored more tender than the ten-week-old pheasants. The 
16-week-old birds had an average score of 1. 8, whereas the ten-week-old 
birds had a score of 2. 1. The ten-week-old freeze-dried birds had an 
average score of 4. J, whereas the older birds had an average score of 
4. 8. The difference between the control and freeze-dried birds was 
greater at 16 weeks of age than at ten weeks. Within this study it 
was found that shear press re�istance was less for the non-freeze­
dried pheasants at 16 weeks than at ten weeks, but it was higher for 
16-week-old freeze-dried pheasants than for ten-week-old freeze­
dried birds. Wells and Dawson (1966) reported that control and 
freeze-dried chickens were tougher at 20 weeks of age than at eleven 
weeks . 
Storage temperature also had a highly significant effect on 
tenderness. 
- 0 
The freeze-dried samples stored at 4 C. had an average 
score of J. 6, while the average score of the samples stored at 37°c. 
was 5.4. The difference between the control and freeze-dried samples 
was greater at the high temperature storage because the average score 
of the non-freeze-dried samples was 1. 9. 
The interaction of age and storage time wa.s significant. The 
difference between the control and freeze-dried samples was greatest 
in 16-week-old birds stored six months. The smallest difference 
occurred in ten-week-old birds stored six months. The ten-week-old 
control birds stored three and six months had an average score of 1. 9 
and 2. 2, respectively. The 16-week-old control birds stored three 
and six months had an average score of 1. 6 and 2. 0, respectively. 
In . the freeze-dried samples the ten-week-old birds were more tender 
than the 16-week-old birds. The ten-week-old freeze-dried birds 
stored three and six months had an average score of 4.4 and 4. 2, 
respectively, and the 16-week-old birds stored the same· length of 
. time had average scores of 4.5 and 5. 2, respectively. The differences 
in the interactions of age and storage time indicated that the younger 
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birds were more �esirable fo� freeze-dryi�g �han the older birds. 
The freeze-dried 16-week-old birds were tougher after six months 
storage than after three months. Shear press values also indicated 
that the 16-week-old freeze-dried birds were much tougher after six 
months storage than after three months. 
Flavor 
Flavor has been defined in Funk and Wagnall ' s  standard dictionary 
as the "characteristic taste of a thing, especially if pleasant. " 
Freeze-drying affected the flavor of pheasant. The control 
samples had a more desirable flavor than the freeze-dried samples. 
The taste panel scored the control samples an average of 2. 3, whereas 
the freeze-dried samples had an average score of 4.7 .  According to 
Karel (1968) loss of flavor volatiles is to be expected in freeze­
dehydrated foods because of the low pressure involved in the freeze­
drying process. 
The method of cooking and storage time had significant effects 
on the flavor of pheasant. The age of the pheasant and storage 
temperature had highly significant effects on the flavor of pheasant. 
The method of cooking did not affect the flavor of the control 
samples but it did affect the flavor of the freeze-dried samples. 
The control samples had an average score of 2.3, whereas the roasted, 
freeze-dried samples had an average score of 4. 5 and the stewed, 
freeze-dried samples averaged a score of 4. 8. From the results 
obtained within this study , it appears there may be a relationship 
between the texture and flavor of freeze-dried pheasant. Taste panel 
members indicated that the stewed samples which were freeze-dried had 
a less desirable texture than those samples which were roasted and 
subsequently freeze-dried. 
Storage time had little effect on the control samples; the freeze­
dried samples stored six months had less flavor than the samples 
stored three months. The control samples stored three and six months 
had average scores of 2. 2 and 2.J, respectively; whereas, the freeze­
dried samples stored three and six months had scores of 4 . 5  and 4.9, 
respectively. 
Age had a highly significant effect on flavor. The 16-week-old 
control birds had a better flavor than the ten-week-old control 
birds; however , the ten-week-old freeze-dried birds had a more 
desirable flavor than the 16-week-old freeze-dried birds. The ten 
and 16-week-old control birds had an average score of 2 . 5  and 2. 0, 
respectively. The freeze-dried ten and 16-week-old birds had scores 
of 4.5 and 4. 8 ,  respectively. Wells et. al. (1962) reported that 
older chickens had a more desirable flavor than younger chickens. 
Storage temperature also had a highly significant effect on the 
flavor of freeze-dried pheasant. The pheasants stored at 4°c .  had 
0 
an average score of J. 9, whereas those stored at 37 C. had an average 
s core of 5.4 .  The taste panel remarked that the freeze-dried samples 
had an "off-flavor; browned flavor; scorched flavor; papery taste; 
or tasteless." The browned and scorched flavors were directed at 
0 
the samples stored at 37  C. 
0 
The samples stored at 37  C . developed a 
yellowish color during storage and the poor flavors seemed to be 
related to the off-colors. Thomson et . al. (1962) reported that 
freeze-dried beef tended to have flavors ranging from sour to musty. 
The freeze-dried beef samples also had a "vitamin" odor and a 
"papery" taste. 
0 
The samples stored at 37 C. were drier than th_e samples stored 
at 4
°
c. and this may have had a detrimental effect on the flavor. 
In their work on freeze-dried salmon, Martinez and Labuza (1968) 
reported that the reaction of protein end groups and lipid oxidation 
products explained the faster rate of browning of the dry samples. 
The decomposition products of oxidized lipids could be responsible 
to cause the nonenzymatic browning reactions to take place in nearly 
dry samples. 
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The interaction of age and time was highly significant . The ten­
week-old control birds stored three and six months had average scores 
of 2 . 4  and 2. 6, respectively. ThA ten-week-old free�e-dried birds 
· had .avarage scores of 4. 5 and l-r. 6, raspectively . The 16-·weak-old 
contr ol birds had better  flavor scores than the ten-week-old birds. 
The 16-week-old control birds stored three and six months had average 
scores of 2. 0 for each time period. The· freeze-dried birds stored 
three and six months had average scores of 4. 4 and 5. 1, respectively. 
The largest flavor difference between the control and freeze-dried 
birds occurred with the 16-week-old birds stored six months. The 
smallest difference occurred with the ten-week-old birds stored six 
months. The interaction seems to indicate that
· after three months 
storage the older freeze-dried birds tend to lose more flavor .  
General Eating Quality 
General eating quality has been used in this study to measure 
the overall, sensory acceptability of the pheasant product. 
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The process of freeze-drying affected the general eating quality 
of pheasant. In sens ory evaluation the non-freeze-dried samples 
received an average score of 2.0, whereas the freeze-dried samples 
received an average score of 4.7. Age and storage temperature had 
significant effects on the general eating quality of pheasant. The 
method of cooking and storage time were not significant. 
Even though the 16-week-old non-freeze-dried pheasants received 
an average score of 1. 9, whereas the ten-week-old non-freeze-dried 
pheasants received a score of 2. 2, the younger freeze-dried birds 
were more desirable than the older birds. The ten-week-old freeze­
dried birds received an average score of 4.5 , whereas the 16-week­
old birds received an average score of 4 . 9 . The difference between 
freeze-dried and non-freeze-dried birds was greater with the 16-week-
. .  
old birds than with the ten-week-old birds. 
Storage temperature affected the freeze-dried birds. The freeze­
dried samples stored at 4°c .  had an average score of J.9, whereas the 
samples stored at 37°c .  had an average score of 5.5. The results 
indicate that the high temperature during storage was detrimental to 
_ the freeze-dried product. 
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The interaction of age and storage time was highly significant. 
The ten-week-old control samples stored three and six months had 
average scores of 2. 1 and 2.J, respectively, and the 16-week-old 
control birds stored three and six months had average scores of 1.8 
and 2. 0, respectively. The ten-week-old freeze-dried birds stored 
three and six months both scored 4.5. The 16-week-old control birds 
stored three months also had an average score of 4.5 ,  but the birds 
stored six months had an average score of 5.3. The results indicated 
that 16-week-old freeze-dried birds deteriorated in quality after 
three months of storage. 
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CONCLUSIONS 
From the results obtained within this study it can be stated that 
freeze-drying adversely affected the palatability of pheasant. The 
tenderness and general eating quality were more adversely affected 
than the texture and flavor of the pheasant by the freeze-drying 
process. The storage temperature caused the greatest difference in 
quality of the freeze-dried pheasant. 
0 
Th� samples stored at 4 C. 
were more desirable than the samples stored at 37°c . , but not as 
desirable as the non-freeze-dried samples. Roasted, ten-week-old birds 
0 stored at 4- C. for three months , had the best quality of the freeze-
dried pheasants. 
Freeze-drying affected the amount - of ea ch fatty a cid found in 
pheasant. The percent of change was greater in the minor fatty acids 
than in the major fatty a cids. The amount of change in the major 
fatty acids averaged 10 percent , compared to the 28 percent average 
change in minor fatty acids . 
More study is needed to produce a better quality freeze�dried 
product. Further research is needed to find means to improve the 
texture and retain the original flavor of pheasant. The size and 
shape of the sample may affect texture . The effects of inert 
atmosphere and variations in packaging materials for freeze-dried 
products also need to be studied. 
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SUMMARY 
The effects of age , cooking method, storage temperature and 
storage time were studied on the palatability, tenderness, rehydra­
tion and fatty acids of freeze-dried pheasant. Ten and 16-week-old 
pheasants were freeze-dried. One half of each group was roasted and 
the remaining birds _ were stewed. The right side was used as a control 
and held in frozen storage. The left side was freeze-dried. One 
half of the freeze-dried samples was stored at 4
°
c. and one half was 
0 stored at 37 C. One half of the pheasants were stored three months 
and one half were stored six months. Significant changes between the 
control and freeze-dried samples were measured at (P< 0 .05) and 
(P<O. O1) levels. 
In this study it was found that location of meat, age of _the 
pheasant , storage temperature and storage time had significant effects 
at the (P < O. O1) level on the percent of rehydration and shear press 
resistance of freeze-dried meat. Except for the location of meat , 
the percent of rehydration was inversely related to the shear press 
resistance of freeze-dried meat. Breast me·at had a higher percent of 
rehydration than thigh meat , but the thigh had lower shear resistance 
than the breast. The method of cooking had no effect on the percent 
of rehydration or shear press resistance of freeze-dried pheasant. 
The age of the pheasant and storage temperature had significant 
effects on the texture , tenderness, flavor and general quality of 
pheasant. The method of cooking and storage time had significant 
effects on the texture and flavor of pheasant but not on tenderness 
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and general eatin·g quality. The control samples were more acceptable 
than the freeze-dried samples. 
Storage temperature had a significant effect on myristic, "X", 
palmitic, oleic and linoleic acids; whereas age had a significant 
effect on stearic and linoleic acids. The method of cooking had a 
significant effect on stearic and oleic acids. Storage time did not 
have a significant effect on any of the fatty acids in pheasant. 
Within this study it has been found that storage temperature had 
the greatest effect on the freeze-dried pheasant while storage time 
had the least effect on freeze-dried pheasant. 
1 .  
2 .  
J .  
4. 
; . 
6 .  
8. 
10 . 
11 . 
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APPENDIX 
Date -------
5 ample Pheasant 
Name --------
CHECK THE APPROPRIATE BOX FOR EACH CODE f 
1 .  Mushy I I 1 1 . Extremely 1. Excellent 1 .  
tender 
2 .  Soft I I I 2 .  Tender 2. Very good 2. 
3. Mealy J .  Slightly 3 .  Good 3 .  tender 
4 .  Slightly 4 .  Slightly I I I 4 . Fair I I I 4 . 
chewy tough 
5 .  Stringly 5 .  Tough 5 .  po or m 5 -
6 .  Rubbery 6 .  Extremely 6 .  Veey poor 6 .  (least tough 
desirable) 
COMMENTS : 
Figure l. Score sheet for taste panel evaluation of pheasant 
Like very much 
Like moderately 
Like slightly 
Dislike slightly 
Dislike moderately 
Dislike very much 
\.J\ °' 
